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INTRODUCTION
The liver, central to medication metabolism, is particularly 
susceptible to pharmaceutical-induced damage. Various 
pharmacological agents, including antibiotics, can induce liver 
damage, with antibiotics consistently identified as the primary 
culprits causing idiosyncratic liver injury. Antibiotics also 
emerge as a significant contributor to Acute Liver Failure (ALF) 
[1-3]. DILI is reported by almost all classes of drugs including  
antibiotics [4].

This investigation focuses on chloramphenicol which is, 
acknowledged for efficacy but is notorious for side-effects, 
particularly hepatotoxicity. Chloramphenicol is a broad-spectrum 
antibiotic that works by binding to the 50S subunit of the 70S 
ribosome, thereby inhibiting microbial protein synthesis. Despite its 
serious side-effects, which include haematological, gastrointestinal, 
and neurological issues, as well as gray syndrome in newborns, 
it remains widely used in many parts of the world for treating life-
threatening infections like typhoid fever and meningitis. The highest 
concentrations chloramphenicol is found in the kidney, liver, and 
bile and approximately half of plasma chloramphenicol bound to 
albumin [5,6].

The study was performed to investigate the toxic effects of 
chloramphenicol on the liver and kidney in Wistar rats with 25 mg/
kg of chloramphenicol dose which causes the liver toxicity [7]. 
Recently chloramphenicol has also been considered in the treatment 
of vancomycin-resistant Enterococcus faecium bacteraemia, an 
infection with limited therapeutic options. The drug has gained wide 
acceptance in the Third World countries particularly because it is 
cheap and effective [8,9].

The study aimed to mitigate chloramphenicol-induced liver toxicity 
using a combination therapy of two potent antioxidants, Astaxanthin 
and Quercetin. Astaxanthin, a powerful carotenoid derived mainly 
from marine organisms, is significantly more potent than β-carotene 
and vitamin E. It has shown preventive and therapeutic effects 
on various liver conditions, including fibrosis, tumors, Ischaemia-
reperfusion injury, and non-alcoholic fatty liver disease. Astaxanthin 
modulates multiple signaling pathways, inhibits apoptosis and 
autophagy, and provides substantial protection against liver 
Ischaemia-reperfusion injury [10].

Astaxanthin is an oxygen-containing carotenoid mainly sourced 
from marine organisms, known for its strong antioxidant properties. 
It is widely utilised in medicine, healthcare products, and cosmetics. 
Research has highlighted its significant preventive and therapeutic 
effects on various liver diseases, including liver fibrosis, non-
alcoholic fatty liver disease, liver cancer, and liver injuries caused 
by drugs and Ischaemia. These beneficial effects are attributed to 
its antioxidant and anti-inflammatory actions, as well as its ability 
to regulate multiple signaling pathways [11-14]. Quercetin, a widely 
prevalent flavonoid found in various plant parts, is renowned for its 
antioxidant, anticarcinogenic, anti-inflammatory, immunomodulatory, 
cardioprotective, and bacteriostatic properties. Studies on rats have 
shown that nano-liposomal Quercetin effectively protects against 
acute liver injury, highlighting its potential as a novel hepatoprotective 
and therapeutic agent for individuals with liver diseases [15-17].

NO and GSH are easy and reliable ways to identify the toxicity 
in rats. Studies indicate that GSH-containing dinitrosyl iron 
complexes have antioxidant properties, reducing oxidative stress 
and offering protection against toxicity. NO helps modulate 
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ABSTRACT
Introduction: Drug-induced Liver Injury (DILI) remains a major 
clinical concern, particularly with antibiotics like chloramphenicol, 
which are known to cause oxidative stress and hepatotoxicity. 
Mitochondrial dysfunction is increasingly recognised as a key 
mechanism in such liver damage.

Aim: To evaluate the protective effects of the antioxidants 
astaxanthin and quercetin against chloramphenicol-induced 
hepatotoxicity in Wistar rats by assessing biochemical markers 
of oxidative stress.

Materials and Methods: The present randomised controlled, in-
vivo interventional study was conducted at Zydus Research Centre, 
Gujarat, India, from May to July 2023. Twenty-four healthy male 
Wistar rats (180-200 g) were randomly assigned into four groups 
(n=6 each): control, chloramphenicol-only, chloramphenicol + 
astaxanthin, and chloramphenicol + quercetin. Chloramphenicol 

was administered intraperitoneally (25 mg/kg/day for 14 days), 
followed by oral antioxidant therapy for 14 days (Astaxanthin: 20 
mg/kg; Quercetin: 30 mg/kg). Blood samples were collected on 
days 0, 15, and 30 to assess Glutathione (GSH) and Nitric Oxide 
(NO) levels. Statistical analysis was performed using Analysis 
of Variance (ANOVA) and Sidak’s multiple comparisons test 
(GraphPad Prism v8.0.2), with p<0.05 considered significant.

Results: Chloramphenicol significantly reduced GSH and 
elevated NO levels (p<0.01), indicating oxidative stress. Both 
antioxidants mitigated these effects, with Quercetin showing 
slightly superior efficacy in restoring GSH levels.

Conclusion: Astaxanthin and Quercetin exhibit significant 
hepatoprotective effects against chloramphenicol-induced 
oxidative damage. Further research is warranted to explore 
dose optimisation, long-term effects, and translation to clinical 
settings.
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Animal model: Twenty-four Wistar rats, aged 6-8 weeks, weighing 
between 180-200 grams [27-29].

Inclusion criteria: Healthy male Wistar rats (180-200 g), aged 6-8 
weeks.

Exclusion criteria: Rats with signs of illness or outside the defined 
weight range (±10%) [29].

Acclimatisation: Allowed for one week to acclimate under standard 
laboratory conditions (12-hour light/dark cycle, 22±2°C, 60-70% 
humidity) with free access to food and water [29].

Experimental groups: The animals were randomly assigned into 
four experimental groups (I-IV) of six animals each [Table/Fig-1]. 
The doses were decided based on the available literature and were 
delivered in 1 mL solution of distilled water once. The animals of 
each group were treated as presented below:

•	 Control group (n=6): No treatment (normal saline).

•	 Chloramphenicol group (n=6): Treated with Chloramphenicol 
(25 mg/kg body weight, intraperitoneally) for 14 days [7].

•	 Chloramphenicol+astaxanthin group (n=6): Treated with 
Chloramphenicol (25 mg/kg body weight, intraperitoneally) 
for 14 days, followed by Astaxanthin (20 mg/kg body weight, 
orally) for 14 days [30].

•	 Chloramphenicol+quercetin group (n=6): Treated with 
chloramphenicol (25 mg/kg body weight, intraperitoneally) for 
14 days, followed by quercetin (30 mg/kg body weight, orally) 
for 14 days [31].

Sample collection: Blood samples were collected from the 
retro-orbital plexus on day 0 (before treatment), day 15 (after 
Chloramphenicol treatment), and day 30 (after antioxidant 
treatment).

oxidative metabolism, thereby reducing the harmful effects of 
Reactive Oxygen Species (ROS). NO is generated during the 
chemical reduction of nitrofuran antibacterial drugs, detected 
polarographically, and linked to their antibacterial activity. This is 
because NO forms peroxynitrite anion, a cytotoxic compound that 
disrupts the electron-transfer chain in microorganisms, impacting 
their metabolism. Additionally, NO, a Reactive Nitrogen Species 
(RNS) is vital in physiological processes like vasodilation, immune 
response, and neurotransmission. By interacting with ROS and 
RNS, NO helps mitigate oxidative stress [18-22].

GSH is a powerful antioxidant found in cells, and it plays a key role 
in detoxification, antioxidant defense, and regulation of cellular 
redox status. GSH directly neutralises ROS and RNS, preventing 
cellular damage. It also works in conjunction with enzymes like GSH 
peroxidase to break down peroxides. Research has demonstrated that 
exogenous dinitrosyl iron complexes with GSH ligands can significantly 
reduce oxidative stress markers in rat blood, with an optimal dose 
range of 0.30-0.45 mM. This combined action helps protect cells from 
oxidative damage and supports overall cellular health [23,24].

The combination of NO and GSH can provide a synergistic effect 
in reducing oxidative stress and toxicity. GSH-containing dinitrosyl 
iron complexes have been shown to exhibit an antioxidant effect, 
reducing lipid peroxidation and maintaining the balance of oxidative 
stress markers [25,26].

An in-vitro investigation using human liver cells (HepG2) was 
conducted to assess mitochondrial toxicity through respiratory 
studies, ROS analysis, and gene expression studies. The results 
indicate that Astaxanthin and Quercetin have therapeutic efficacy 
in alleviating chloramphenicol-induced liver toxicity [10]. To validate 
these findings, this study was extended to in-vivo models. The 
in-vivo study was guided by clearly defined research objectives, 
described below, to systematically address the study’s hypothesis 
and anticipated outcomes.

The present study aimed to investigate the hepatotoxic effects of 
chloramphenicol and evaluate the protective role of antioxidants 
Astaxanthin and Quercetin in Wistar rats.

The primary objective was to assess the changes in GSH and 
NO levels as biomarkers of oxidative stress following antioxidant 
treatment. The secondary objective was to compare the 
hepatoprotective efficacy of Astaxanthin and Quercetin and to 
evaluate their potential as therapeutic agents for chloramphenicol-
induced liver injury.

Hypotheses:

•	 Null Hypothesis (H0): Antioxidants Astaxanthin and Quercetin 
have no significant effect on chloramphenicol-induced oxidative 
liver damage in Wistar rats.

•	 Alternate Hypothesis (H1): Antioxidants Astaxanthin and 
Quercetin significantly reduce chloramphenicol-induced 
oxidative liver damage in Wistar rats.

MATERIALS AND METHODS
The present randomised controlled in-vivo interventional study 
was conducted after obtaining required ethical approval from IAEC 
(ZRC/DMPK/BP/056/04-2K23) at the Zydus Research Centre, 
Gujarat, India, from May to July 2023. All the experiments were 
conducted in accordance with the guidelines and regulations set 
by the Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA) and approved by the Institutional 
Animal Ethics Committee (IAEC).

Chemical and reagents: For the quantitative determination of NO 
(Catalog #: KGE001) and GSH (Catalog Number: 7511-100-K) 
R&D Systems, Inc. (USA) kit has been used. Chloramphenicol, 
and antioxidants (Astaxanthin and Quercetin) were purchased from 
Sigma-aldrich.

[Table/Fig-1]:	 CONSORT flowchart.

Study Procedure
Biochemical analysis: GSH is a key antioxidant that neutralises 
free radicals, it plays a vital role in maintaining cellular health and 
function. Changes in GSH levels can indicate cellular damage or 
the effectiveness of antioxidant treatments in protecting cells. An 
increase in GSH levels after antioxidant treatment suggests that the 
antioxidant is effective in reducing oxidative stress.

NO also plays a significant role in various physiological processes, 
including vasodilation, immune response, and neurotransmission. 
NO levels can indicate changes in oxidative stress and inflammation. 
Elevated NO levels can be a sign of increased oxidative stress or an 
inflammatory response, which might not be fully captured by GSH 
levels alone [25,26].

GSH assay: The method for measuring GSH levels in blood samples 
involves using a commercially available GSH assay kit (R&D Systems) 
based on the 5,5′-dithiobis(2-nitrobenzoic acid) (DTNB) reduction 
method. The assay employs an enzymatic recycling method where 
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value of three replicates from a single animal was presented 
to illustrate variation in relation to the observed values from the 
remaining five animals within the same group.

•	 GSH levels: 8.56 nmol/mg (normal range: 5-10 nmol/mg 
protein).

•	 NO levels: 15.47 µM (normal range: 10-20 µM).

B.	 After chloramphenicol treatment (day 15):

Chloramphenicol group (n=6, total replicates=18):

•	 GSH Levels: 4.08 nmol/mg (significant decrease, p<0.01 
vs. control).

•	 NO Levels: 25.59 µM (significant increase, p<0.01 vs. 
control).

C.	 After antioxidant treatment (day 30):

•	 Chloramphenicol+Astaxanthin group (n=6, total 
replicates=18):

•	 GSH Levels: 7.23 nmol/mg (significant recovery, p<0.05 
vs. Chloramphenicol group).

•	 NO Levels: 17.06 µM (significant reduction, p<0.05 vs. 
Chloramphenicol group).

•	 Chloramphenicol+Quercetin Group (n=6 total 
replicates=18):

•	 GSH Levels: 7.80 nmol/mg (significant recovery, p<0.05 
vs. Chloramphenicol group).

•	 NO Levels: 16.50 µM (significant reduction, p<0.05 vs. 
Chloramphenicol group).

Data expressed as mean±SD representing the statistical outcomes 
of Glutathione (GSH) levels is shown in [Table/Fig-4].

glutathione reductase converts oxidised glutathione (GSSG) to its 
reduced form (GSH), which then reacts with DTNB to produce a 
yellow compound that absorbs light at 405 nm. The production rate 
of this compound is directly proportional to the GSH concentration. 
For blood samples, blood is collected in heparin tubes, treated with 
metaphosphoric acid, and centrifuged. Samples are then assayed 
in triplicate, diluted with assay buffer, and mixed with the glutathione 
reductase reaction mix. Absorbance is measured at 405 nm at 
2-minute intervals over 10 minutes to quantify GSH levels [25].

NO assay: The NO assay measures NO levels by determining 
nitrite/nitrate concentrations in plasma using a commercially 
available NO assay kit. The assay involves converting nitrate to 
nitrite, then measuring total nitrite by subtracting the endogenous 
nitrite concentration. The procedure includes preparing all reagents, 
standards, and samples, adding reaction diluent to blank wells, and 
adding Nicotinamide Adenine Dinucleotide Hydride (NADH) and 
diluted nitrate reductase to each well. The mixture is incubated and 
then treated with Griess reagent I and II. After a final incubation 
at room temperature, the optical density is measured at 540 nm 
using a microplate reader. This method provides a reliable means of 
quantifying NO levels in biological samples [26].

STATISTICAL ANALYSIS
All statistical analyses were performed using GraphPad Prism 
software, version 8.0.2 (GraphPad Software, San Diego, CA, 
USA). Statistical comparisons between groups were conducted 
using one-way ANOVA, followed by Sidak’s multiple comparisons 
test for multiple comparisons. The significance level of p<0.05 
was considered statistically significant. Data are presented as 
mean±Standard Deviation (SD) unless otherwise specified.

RESULTS
Both antioxidants, Astaxanthin and Quercetin, significantly mitigated 
the oxidative stress and toxicity induced by chloramphenicol, 
which is evident by observed recovery of GSH levels and reduction 
in NO levels. This demonstrated that both the antioxidants have 
hepatoprotective effects against Chloramphenicol-induced toxicity 
[Table/Fig-2,3].

GSH Levels (nmol/mg)

Group I:  
Control Group (n=6)

Group II:  
Chloramphenicol Group (n=6)

R1 R2 R3
Mean GSH 

Levels SD R1 R2 R3
Mean GSH 

Levels SD

8.5 8.3 8.8 8.53 0.3 4.1 3.9 4.3 4.10 0.2

7.6 8.1 8.4 8.05 0.4 3.4 3.8 4.2 3.80 0.4

8.8 9.3 9.6 9.23 0.4 4.0 4.3 4.6 4.30 0.3

7.2 7.8 8.4 7.82 0.6 3.6 4.2 4.4 4.07 0.4

8.6 8.7 8.9 8.74 0.2 4.1 4.2 4.3 4.20 0.1

8.4 9.2 9.4 9.01 0.5 3.7 4.0 4.3 4.01 0.3

GSH Levels (nmol/mg)

Group III: 
Chloramphenicol+Astaxanthin (n=6)

Group IV: 
Chloramphenicol+Quercetin (n=6)

R1 R2 R3
Mean GSH 

Levels SD R1 R2 R3
Mean GSH 

Levels SD

6.5 8.0 7.0 7.17 0.8 7.6 7.8 8.0 7.81 0.2

7.2 7.5 7.8 7.50 0.3 7.3 7.6 7.9 7.60 0.3

6.6 6.9 7.2 6.90 0.3 7.5 7.9 8.3 7.90 0.4

7.5 7.3 7.1 7.31 0.2 7.3 7.7 8.1 7.70 0.4

6.9 7.1 7.3 7.10 0.2 7.8 8.0 8.2 8.01 0.2

7.0 7.4 7.8 7.40 0.4 7.6 7.8 8.0 7.81 0.2

[Table/Fig-2:	 Observed GSH levels in different treatment groups.

NO Levels (µM)

Group I:  
Control Group (n=6)

Group II:  
Chloramphenicol Group (n=6)

R1 R2 R3
Mean NO 

Levels SD R1 R2 R3
Mean NO 

Levels SD

15.5 15.8 15.6 15.63 0.2 25.2 25.4 25.6 25.40 0.2

14.0 14.8 15.6 14.80 0.8 25.3 26.0 27.3 26.21 1.0

15.0 15.2 15.4 15.20 0.2 24.1 24.8 25.6 24.83 0.8

15.5 16.3 17.1 16.30 0.8 25.5 25.7 25.9 25.70 0.2

14.5 14.7 14.9 14.70 0.2 24.9 25.1 25.3 25.10 0.2

15.8 16.2 16.6 16.20 0.4 26.1 26.3 26.5 26.30 0.2

NO Levels (µM)

Group III: 
Chloramphenicol+Astaxanthin (n=6)

Group IV:  
Chloramphenicol+Quercetin (n=6)

R1 R2 R3
Mean NO 

Levels SD R1 R2 R3
Mean NO 

Levels SD

16.9 17.1 17.3 17.10 0.2 16.2 16.4 16.6 16.40 0.2

16.2 16.8 17.4 16.80 0.6 15.8 16.2 16.6 16.20 0.4

17.2 17.4 18.0 17.54 0.4 16.5 16.7 16.9 16.70 0.2

16.7 16.9 17.1 16.90 0.2 16.2 16.3 17.0 16.51 0.4

17.2 17.2 17.4 17.28 0.1 16.1 16.3 16.5 16.30 0.2

16.1 17.3 16.9 16.77 0.6 16.6 16.8 17.2 16.87 0.3

[Table/Fig-3]:	 Observed Nitric Oxide (NO) levels in different treatment groups.
R: Technical Replicates, n=Biological Replicates SD=Standard deviation, GSH: Glutathione; 
NO: Nitric Oxide; Values are expressed as mean±SD (n=6). GSH: Glutathione; NO: Nitric Oxide. 
Statistical analysis was performed using one-way ANOVA; *p<0.05 vs. control, †p<0.05 vs. 
chloramphenicol group.

Sidak’s multiple 
comparisons test

Mean 
Diff.

95.00% 
CI of diff. Significant Summary p-value

Control Group vs. 
Chloramphenicol Group

4.467
3.737 to 

5.197
Yes **** <0.0001

Control Group vs. 
Chloramphenicol + AXN

1.300
0.1513 

to 2.449
Yes * 0.0305

A.	 Baseline levels (before treatment):

	 Control group (n=6, total replicates=18): Initially, the mean 
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DISCUSSION
The present study elucidates the hepatoprotective efficacy of 
Astaxanthin and Quercetin against chloramphenicol-induced 
oxidative liver damage, a condition not extensively explored despite 
chloramphenicol’s continued use in resource-limited settings [6-8]. The 
present study findings are consistent with previous reports suggesting 
that both compounds exert antioxidative effects by modulating redox 
balance and suppressing reactive species [10-13,15-17].

Astaxanthin also showed significant protection against 
chloramphenicol-induced hepatotoxicity. Its mechanism is believed 
to involve modulation of mitochondrial pathways and inhibition 
of apoptosis, which has been substantiated in models of liver f 
ibrosis, NAFLD, and Ischaemia-reperfusion injury [12-14,32,33]. 
For instance, Yamashita E reported that Astaxanthin improves 
mitochondrial integrity, thus reducing hepatic ROS generation [11], 
a key contributor to chloramphenicol toxicity [7,9]. Quercetin, a 
flavonoid with known antioxidant and anti-inflammatory properties, 
significantly improved oxidative stress parameters in our model, as 
reflected by restored GSH and reduced NO levels. This aligns with 
earlier studies where Quercetin attenuated oxidative injury in models 
of Non-Alcoholic Fatty Liver Disease (NAFLD) and cholestatic 
liver damage through modulation of autophagy and inflammatory 
signaling pathways [34,35]. Similarly, Liu X et al., demonstrated 
Quercetin’s hepatoprotective role against acute liver injury by 
encapsulating it in nano liposomes, improving its bioavailability and 
efficacy [15].

Interestingly, in our study, while both antioxidants significantly 
reversed oxidative markers, Quercetin exhibited slightly superior 
efficacy in restoring GSH levels. This may be attributed to Quercetin’s 
dual activity as both a direct scavenger of ROS and a modulator of 
endogenous antioxidant enzymes [17].

Nitric oxide, a RNS plays a dual role in physiology and pathology. 
At physiological concentrations, NO supports vasodilation and 
immune modulation, but excessive NO can react with superoxide to 
form peroxynitrite, causing mitochondrial and cellular damage [19-
22]. The elevated NO observed post-chloramphenicol exposure is 
indicative of oxidative-nitrosative stress, which was notably mitigated 
by antioxidant therapy.

Likewise, GSH serves as a primary intracellular defense molecule, 
neutralising ROS and acting as a cofactor for various antioxidant 
enzymes. Depletion of GSH in the chloramphenicol-only group 
corroborates its role as a sensitive marker of oxidative injury, in 
agreement with prior findings [23,24]. The significant recovery 
of GSH in antioxidant-treated groups reinforces the therapeutic 
promise of Astaxanthin and Quercetin in preserving redox balance.

The present study contributes significant in-vivo evidence to the 
relatively sparse literature on antioxidant-based interventions for 
antibiotic-induced hepatotoxicity, especially with chloramphenicol. 
Although most earlier works have concentrated on metabolic or 
chemically induced liver damage, The results of the present study  
highlight that similar oxidative stress pathways are operative in 
antibiotic-mediated injury, validating antioxidants as potential 
countermeasures.

Given the affordability and accessibility of both Astaxanthin and 
Quercetin, their co-administration with hepatotoxic antibiotics like 
chloramphenicol could offer a practical strategy to mitigate liver 
damage, particularly in regions lacking access to safer antimicrobial 
alternatives. These findings support integrating antioxidant adjunct 
therapy into clinical practice where chloramphenicol remains 
indispensable, supporting the alternate hypothesis.

Additionally future studies should also focus on exploring the 
mechanistic pathways involved especially mitochondrial signalling  
cascades, histopathological and gene expression analysis to 
supplement biochemical data,dose-response relationships and 
pharmacokinetics of both antioxidants,evaluating combination 
therapy in larger cohorts and different models,translational clinical 
trials to validate safety, optimal dosing, and therapeutic efficacy in 
humans.

Limitation(s)
While the current study provides valuable insights into the protective 
effects of Astaxanthin and Quercetin against chloramphenicol-
induced hepatotoxicity, certain methodological aspects merit 
consideration. The use of a relatively small animal cohort may 
limit the extent to which these findings can be generalised. 
Additionally, the study was confined to a single animal model and 
specific dosage levels, which may not fully capture the spectrum of 
antioxidant efficacy. Although GSH and NO are reliable indicators of 
oxidative stress, incorporating additional molecular or histological 
analyses could have enriched the interpretation of liver protection. 
Furthermore, the 30-day duration restricts conclusions regarding 
the long-term impact of antioxidant therapy. These aspects offer 
meaningful directions for future research, including dose optimisation, 
extended study periods, and broader biomarker analysis.

CONCLUSION(S)
The study demonstrates that both Astaxanthin and Quercetin have 
significant protective effects against Chloramphenicol-induced 
oxidative stress in Wistar rats. This is evidenced by the recovery 
of GSH levels and the reduction of NO levels after antioxidant 
treatment. Specifically, Quercetin showed a slightly higher efficacy 
in restoring GSH levels compared to Astaxanthin, although 
both antioxidants significantly reduced NO levels. To strengthen 
translational relevance, future studies should explore molecular 
mechanisms, optimal dosing, long-term outcomes, and confirm 
efficacy in diverse animal models and clinical settings. If preclinical 

Sidak’s multiple com-
parisons test

Mean 
Diff.

95.00% 
CI of diff. Significant Summary p-value

Control Group vs. 
Chloramphenicol Group

-10.08
-11.15 to 

-9.015
Yes **** <0.0001

Control Group vs. 
Chloramphenicol+ AXN

-1.567
-2.970 to 
-0.1630

Yes * 0.0323

Control Group vs. 
Chloramphenicol+ QRN

-1.017
-1.945 to 
-0.08784

Yes * 0.0349

Chloramphenicol Group 
vs. Chloramphenicol+ 
QRN

9.067
8.097 to 

10.04
Yes **** <0.0001

Chloramphenicol Group 
vs. Chloramphenicol+ 
AXN

8.517
7.122 to 

9.912
Yes **** <0.0001

[Table/Fig-5]:	 Presentation of statistical outcome of Nitric Oxide (NO) levels.
Note: Data analysed using One-way repeated measures ANOVA. F (1.854, 9.269)=580.5, 
p<0.0001. Sidak’s multiple comparisons test was applied for multiple comparisons; Summary 
indicators: ns=not significant (p>0.05), *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001; NO: Nitric 
Oxide; AXN: Astaxanthin; QRN: Quercetin. p<0.05 considered statistically significant

Control Group vs. 
Chloramphenicol + 
QRN

0.7333
-0.01834 
to 1.485

No Ns 0.0550

Chloramphenicol 
Group vs. 
Chloramphenicol + 
QRN

-3.733
-3.867 to 

-3.600
Yes **** <0.0001

Chloramphenicol 
Group vs. 
Chloramphenicol + 
AXN

-3.167
-3.802 to 

-2.531
Yes **** <0.0001

[Table/Fig-4]:	 Presentation of statistical outcome of Glutathione (GSH) levels.
Note: Data analysed using One-way repeated measures ANOVA. F (1.343, 6.714) =237.6, 
p<0.0001. Sidak’s multiple comparisons test was applied for multiple comparisons; Summary 
indicators: ns=not significant (p>0.05), *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001; GSH: 
Glutathione; AXN: Astaxanthin; QRN: Quercetin. p<0.05 considered statistically significant

Data expressed as mean±SD representing the statistical outcomes 
of Nitric Oxide (NO) levels is shown in [Table/Fig-5] .
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results are promising, consider progressing to clinical trials to 
evaluate the potential therapeutic benefits in humans.
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